The identification of voice pathologies using speech processing techniques can be an useful contribution to the diagnose of larynx diseases. This work presents an identification system using spectral features and pitch jitter extracted from the sustained vowels /a/, /e/ and /i/. A SVM (Support Vector Machine) classifier has been implemented to discriminate Reinke's edema pathologies from nodules. The main objective of this work is to inspect if the spectral features reported in previous work for the vowel /a/ are present in others vowels, and evaluate the voice pathologies identification rate.
Introduction
Voice pathologies appear due to various circumstances such as the extensive or incorrect use of voice, stress, inhalation of tobacco smoke, gastric reflux or hormonal problems. These pathologies typically affect the vocal folds and are detectable by direct laryngoscopy, which is the visualization of the vocal folds using a camera. This method is invasive, uncomfortable for the patient and may, in some cases depending on the equipment used, require a local anesthetic. Alternatively, the test is performed by indirect laryngoscopy, with a mirror which, although less invasive, often involves the use of small amounts of local sedatives. This equipment is also expensive and has high maintenance costs as it needs to be sterilized between diagnoses, consuming time and resources.
The use of an efficient, non-invasive, easy and fast method in pathologies recognition may be useful as an initial evaluation, or as a complementary method for the diagnosis of voice pathologies. A method of voice pathologies diagnosis based in speech signals is useful in screening situations because it doesn't involve specialized equipment.
There are some works in voice pathologies identification using features like MFCC (Mel-frequency ceptrum coefficients) [1] parameters and wavelets analysis [2] , spectral modulation [3] and formants [4] . In [5] the corpus used in this work was evaluated using wavelets in a MLP (Multi Layer Perception) neural network, the accuracy reaches 87% for Reinke's edema and 86% for nodules using 80% of the data for training and 20% for independent testing. In [6] a similar corpus was used. In this work the authors use jitter in the wavelets components with SVM (support vector machines) to perform identification between nodules and Reinke's edema. 82% accuracy has been achieved using six subjects for each class in test.
Related work
In previous work of these authors [7] the LPC spectrum was inspected to find features that could help in voice pathology detection. It was observed that there is a spectral peak before the first vowel formant in the voice signal of unhealthy subjects. To observe this feature a high order LPC must be used. Based on tests, the best order value was found to be 30. In early tests it was observed that the elimination of the pre-emphasis filter helps to improve the visualization of this first spectral peak. This peak can be also observed in some healthy subjects but it has a higher bandwidth.
The average bandwidth versus the average central frequency of the first peak of LPC spectrum is plotted in Figure  1 for each subject of the corpus. It can be seen that the LPC spectrum first peak in healthy subjects typically has a higher bandwidth. Frequencies of the first peak above 500 Hz can be considered the first formant of the vowel /a/, whose frequency is around 650 Hz, being the voice subject considered healthy. As it can be seen in the Fig. 1 (a) using these features healthy and unhealthy speakers are successfully separated and the detection of pathologies is possible, as plotted in Fig. 1 (b) . However, in this case the pathologies are not completely separable. Figure 1 : (a) LPC spectrum first peak frequency vs. bandwidth for healthy subjects and unhealthy subjects; (b) LPC spectrum first peak frequency vs. bandwidth for subjects with Reinke's Edema and subjects with nodules.
Objectives
This work evaluates the average bandwidth and the average central frequency of the first peak of LPC spectrum impact in Reinke's edema and nodules identification, using the vowels /a/, /e/ and /i/. A SVM classifier was implemented to evaluate the identification rate, using a 30 th order LPC. The main objective is to inspect if these features are also present in vowel /e/ and /i/, if they carry pathology information and if these features are phoneme independent.
The pitch jitter was used in works of pathological voice identification [8, 9] to discriminate healthy from unhealthy subjects. In this work this feature will be combined with the first peak LPC spectrum frequency and bandwidth to better discriminate nodules from Reinke's edema. Since one of the principal symptoms of Reinke's edema is a lower pitch frequency this features will be also combined with the ones above.
The next section will present the corpus used in this work. Section 3 will describe the features and the identification system. In section 4 the results will be present as well as its discussion. The paper finishes with the conclusions.
Speech Corpus
The corpus used on this work was already used in several other works [5, 10, 11] . The voice signals are part of a voice database of the Group of Bioengineering of the School of Engineering of São Carlos of the University of São Paulo, Brazil. Basically the corpus consists of sustained vowels recorded by healthy subjects, subjects with Reinke's edema and subjects with vocal fold nodules. Further details about the corpus and the addressed pathologies can be found in [11] .
Nodules
The vocal fold nodules are benign lesions that can occur in both vocal folds in the area where these have higher friction, at anterior 1/3 and posterior 2/3 of the vocal folds, where friction between folds is most aggressive. This pathology is common in people that use voice intensively, as politicians, teachers, singers and children who cry often. The lumps are small sized, typically the size of a pinhead, and can appear in groups over a given area.
Symptoms include dysphonia, with voice timbre changing through a variable hoarseness. In extreme cases it can reach aphonia preventing altogether the voicing.
The nodules do not allow complete closure of the vocal folds, resulting on a speech signal with noise. To compensate for this effect the patient tends to increase tension in the muscle, increasing the collision forces of the vocal folds. Apart from noise, this disease also causes irregularities in the fundamental frequency (jitter) and variations in amplitude (shimmer).
Reinke's Edema
The Reinke's edema typically affects both vocal folds and is characterized by their swelling, caused by accumulation of fluid dispersed in the Reinke's space. As the fluid accumulates, this space increases so that the vocal folds also increase in thickness and protrude into the interior of the larynx. In consequence, voice becomes more rough tone because the swelling causes changes in the elasticity of the vocal folds. In extreme cases the swelling may even hinder the passage of air. In reaction to this situation, the patient increases the vocal effort, resulting in excessive opening of the glottis and causing asymmetrical and irregular vibration of the vocal folds.
The main cause of this disease is smoking. The principal symptom is a reduction on pitch frequency, making female speakers easier to detect since they typically have higher pitch.
Corpus
The corpus is composed by 16 healthy subjects (11 males, 5 females), 16 subjects (2 males, 14 females) with Reinke's edema and 15 subjects (2 males, 13 females) with vocal fold nodules. The age distribution range from 21 to 48 years hold. Each subject produced a sustained vowel /a/ for 5 seconds, recorded with 22050 Hz sampling rate, with a comfortable pitch and loudness level. Table 1 presents the gender distribution by pathology. Additionally only for the unhealthy subjects the vowel /e/ and /i/ has also been recorded.
In this work, only female speakers were tested to avoid gender mismatch and all the vowels were used. Reinke's edema 2 14
Features and Identification System
The spectral envelope has a visual representation of the frequencies and bandwidths of the formants and is estimated with the LPC filter frequency response, also known as LPC spectrum. The formant central frequency (1) is given by the LPC poles angle w k and the bandwidth (2) is given by the pole distance r k to the unitary circle [12] .
The pitch jitter (3) is computed using the pitch periods given by the dypsa algorithm [13] witch computes the glottal closure instant and consequently the pitch period P i . The next equation is known as pitch jitter local in the Pratt software [14] and has been used to calculate the pitch jitter. The dypsa algorithm and the LPC coefficients are computed using VoiceBox: Speech Processing Toolbox for Matlab [15] .
For each subject, 1 second of speech signal was used to estimate the mean frequency and bandwidth of the first spectral peak pitch and pitch jitter, in 250 ms intervals, resulting in 4 segments for each subject. The 30 th order LPC was computed using 20 ms frames with 10 ms overlap.
Half of the subjects were used to train a SVM classifier and the remaining subjects were used to test, resulting in 7 speakers with Reinke's edema in a total of 28 segments and 6 speakers with nodules in a total of 24 segments. For each vowel, one SVM classifier was trained. The same speakers were used in training and testing for all the SVM and all were females.
Results and Discussion

Results
In the first set of tests only the mean frequency and bandwidth of the first spectral peak was used. The best result achieved an accuracy of 84.6% using a linear kernel with the vowel /a/, as presented in Table 2 . This result is due to the misclassification of one subject with nodules and another with Reinke's edema. With the vowels /e/ and /i/ the accuracy is lower and the best results were obtained using Gaussian Kernel, being 67.3% for the vowel /e/ and 69.2% for the vowel /i/. With the vowel /i/ the result with a classifier using a Gaussian Kernel and sigma equal to 1, has 100% accuracy for nodules and 61% for Reinke's edema, achieving 78.9% overall.
In order to verify if the pitch jitter could contain pathology information, the three SVM were retrained using this feature combined with the previous ones. The results for vowels /a/ and /i/ remained unchanged but decreased for the vowel /e/, as in Table 3 . Since one of the symptoms of the Reinke's edema is a lower pitch frequency, a test was performed to evaluate the impact of pitch in the accuracy of pathologies identification, together with the LPC spectrum first peak bandwidth and frequency. With the vowel /a/ the results didn't change, but with the vowel /e/ the overall accuracy was higher. With the vowel /i/, the overall accuracy maintained equal but the nodules only missed one segment, as pointed out in Table 4 .
All the previous features were combined to perform a final test. The results are shown in Table 5 which with the vowel /e/ overlaps the ones with the vowel /a/ that remained the same. In this test the vowel /e/ achieved the best overall accuracy with 86.5% as well as the best accuracy for Reinke's edema with 98.2% correctness, failing only on two segments.
Discussion
In all the vowels analyzed the first peak before the first formant contains relevant information for pathologies identification, although the vowel /e/ and /i/ have typically a lower accuracy than the vowel /a/. This fact is due to the approximation of the first LPC peak with the first formant which had mean values around 400 Hz to /e/ and 300 Hz to /i/. These values are close to the first LPC peak, in particular in subjects with nodules which have a higher first peak frequency, as shown in Table 6 .
Also in the vowel /e/ the differences between the first peak frequencies of the two pathologies are the lowest with the highest standard deviation in particular for the subject with Reinke's edema. This fact explains the lowest score of this feature, although pitch and jitter are useful for better accuracy rate.
In vowel /i/ the first peak bandwidth is the closest of all data which result in the overlap of this feature Also for this vowel the use of pitch jitter and pitch only over classify nodules without an overall improvement.
In the vowel /a/, the first formant has mean values around 800 Hz and the first LPC peak is better estimated, so better and more consistent results are obtained. In this vowel, the jitter and pitch do not have accuracy impact.
The pitch jitter have lower mean values for the subjects with Reinke's edema pathology but in the overall this feature have a standard deviation that overlaps the data and only in the vowel /e/ helps to improve the results especially when combined with pitch frequency. 
Conclusions
The main objective of this work was to inspect if a low frequency first LPC spectral peak found for the vowel /a/ in pathological voices, and reported in previous work, is also present in other vowels, particularly in vowels /e/ and /i/. This reveals to be true and a system that includes not only one vowel but all the vowels together might have a better accuracy.
Several SMV classifiers were used to evaluate the impact of the fist peak bandwidth, pitch jitter and pitch in Reinke's edema versus nodules identification. With the vowel /a/ the results obtained using the first LPC spectral peak are consistent and do not improve by using additional features achieving an overall accuracy 84.6%. With the vowel /e/ significant improvements were obtained using pitch jitter and pitch, being the overall accuracy 86.5% and obtained the best accuracy in identifying Reinke's edema, with 98.2%. In vowel /i/, the overall results remained unchanged, 69.2% with a SVM linear kernel, but using a Gaussian Kernel the overall results increase to 78.9%, with 100% accuracy for nodules and 61% accuracy for Reinke's edemas, using only the first LPC spectral peak frequency and bandwidth.
The results obtained are in line and sometimes overlap the results reported in others publications with the same corpus, but in this work the test uses 50% of the data and vowels /a/, /e/ and /i/.
In the future the study will be extended to other larynx diseases, e.g vocal folds polyps and paralysis. Also other features and classification systems will be analyzed, in order to increase the accuracy of the identification system.
